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© Vaccine against Lyme disease and a challenge model for evaluating vaccine efficacy. 



© The invention provides a vaccine for protecting a susceptible mammal from Lyme disease comprising 
an amount of B. burgdorferi major antigens effective to induce a serum neutralising titer of antibodies 
against B. burgdorferi . A process for preparing the vaccine comprising culturing B. burgdorferi 
bacteria, monitoring the level of one of Osp A or Osp B, inactiving the bacteria when a maximum in the 
production as one of Osp A or Osp B is obtained, and mixing the inactivated bacteria in a physiologically 
acceptable carrier is also covered. The invention also includes a process for inducing Lyme disease in a 
susceptible laboratory mammal comprising injecting virulent B. burgdorferi spirochetes into said 
mammal in a manner that mimics the transmission of the disease by tick. 
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Th pr sent invention r latestoavaccineto prev ntoralleviat th symptoms of Lyme disease, a m thod 
for making the vaccine and a challenge model for evaluating the vaccine. 

Lyme diseas is caused by the spiroch te Borrelia burgdorferi which is transmitted b tween susceptible 
animals by ticks of th family Ixodes, including L dammini, L pacificus and L ricinu . 
5 For man, the disease is thought to be acquired from ticks in the nymphal stage of the tick lifecycle. Most 

cases of Lyme disease occur in June or July when the nymphal stage occurs. Ixodes ticks in the nymphal stage 
are very small, about the size of a sesame seed, and are difficult to detect. It is thought that the tick must feed 
on the blood of the animal host for in excess of about twelve hours in order to transmit the disease causing 
spirochete. 

10 A number of domesticated animals are susceptible to the disease including dogs, cats, horses, sheep, deer, 

birds and cattle. This poses a risk not just to the animals themselves but to their human caretakers, since the 
animals serve as a reservoir of spirochetes which may be transmitted to humans. This is especially true since 
the present inventors and others have found that dogs can transmit the disease to kennel mates even in the 
absence of ticks. Accordingly, it is believed that the disease can be transmitted from domesticated animals to 

16 humans. 

B. burgdorferi spirochetes are difficult to grow in vitro since they require a complex mix of nutrients similar 
to mixtures used in mammalian tissue culture (Barbour et al. Cum Mictobiol. 8 : 123-126. 1 983). The spirochete 
grows slowly in culture (e.g. with a 12 to 24 hour doubling time). 

The symptoms of Lyme disease vary and the disease is difficult to diagnose since the symptoms are similar 

20 to the symptoms of other diseases. Early signs of the disease may include a skin rash, fever, headache and 
muscle and joint pain. In the weeks to months following infection, the symptoms may include inflammation of 
the heart and recurrent arthritis. Later, the symptoms can include chronic arthritis and dementia. 

The disease can be treated after infection with a number of antibiotics including tetracycline, penicillin and 
erythromycin. Nonetheless, a need exists for a prophylactic treatment that will be effective throughout a two to 

25 three month period when the ticks most aggressively transmit the disease. U.S. Patent 4,721 ,61 7 by Johnson 
(incorporated in its entirety herein by reference) describes a vaccine comprising inactivated burgdorferi 
spirochetes in a physiologically acceptable vehicle. The Johnson vaccine is disclosed as effective in protecting 
rodents from challenge with B. burgdorferi at thirty days postvaccinations. The Johnson vaccine is notdisclosed 
to elicit antisera which is effective in a serum neutralization assay. Nor is the vaccine disclosed to be useful in 

30 controlling the symptoms of Lyme disease. Also, the patent does not disclose a subset of B. burgdorferi proteins 
that elicit antisera in a protected mammal. This subset is disclosed for the first time in the present application. 

Antibodies to the B. burgdorferi antigen Osp A have been described as being effective in conferring passive 
immunity to a treated animal. Osp A is the major outer membrane protein of B. burgdorferi and has a molecular 
weight of about 31 K. The gene for osp A has been isolated and expression vectors have been constructed 

35 (Howe et al.. Infection Immunity 54: 207-212, 1986). Accordingly, this surface protein may prove useful in a 
vaccine. However, the composition of this protein is thought to vary between strains of the spirochete (Barbour 
et al., J. Infect. Pis., 152:478^484, 1985; Bissetet al., J. Clinical Microbiol. , 25: 2296-2301, 1987) as does Osp 
B, another burgdorferi surface protein (Barbour et al., Infection and Immunity, 45: 94-100, 1984). The major 
proteins of the related spirochete Borrelia hermsii (the causative agent for relapsing fever) are also known to 

40 vary between strains (Barbour et al.. J. Experimental Med. 156 : 1312-1324, 1982). This variance may inhibit 
cross-protection from infection by varying strains of spirochete and thus may provide a mechanism by which 
the spirochete evades the host animal's immune system. 

It is important for evaluating vaccines to have a standard, reproducible infection with a subject pathogen 
in a laboratory animal. Such an infection is preferably introduced into the laboratory animal by a reproducible 

45 means. A reproducible laboratory disease of this kind is a "challenge model" with which the efficacy of a vaccine 
in protecting an animal from challenge with the pathogen can be tested. Preferably, the challenge model closely 
resembles the disease as found in nature. 

Various rodent challenge models (wherein the disease is induced in rodents by injection of spirochetes) 
have been described for evaluating the efficacy of vaccines against Lyme disease (for instance, Schaible et 

so al., Proc. Natl. Acad. Sci. USA, 87: 3768-3772. 1990 and U.S.P. 4,721 ,617). However, while bacteremia can 
be induced in rodents, symptoms of Lyme disease in a rodent challenge model have been reported only for 
chemically or genetically immunocompromised rodents (e.g. Schaible et al., supra). 

Moreover, despite th importance of dogs as a victim, res rvoir, or trans missive carrier of this dis ase, a 
canine challeng model has not b en described. The lack of success of previous efforts to develope a canine 

55 chall ng model is d scribed by Appel (Compendium on Continuing Education for th Practicing Veterinarian 
4(11): 888-892, 1982) and by Greene et al. (Am. J. Vet. R s. , 49:752-757, 1 988). At best, a sub-clinical exper- 
imental B. burgdorferi inf ction in dogs has b en d scribed (Burgess, Z ntralblatt Fuer Bakterioloqie Micro- 
biologie und Hygiene, A 263 : 49-54, 1986). 
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It is an obj ct of the pr sent invention to provid a vaccin comprising at I ast two of the major antigens 
of B. burgdorferi that elicit corresponding antisera in a susceptible mammalian host. 

It is a further object of the invention to provide a vaccin which protects susceptible mammals from Lyme 
disease, d spit strain to strain variance of B. burgdorferi spiroch tes. 
5 It is another object of the present invention to provide a challenge model which displays at least one 

symptom of Lyme disease using mammals that are not immuno-compromised. The challenge model can be 
used to evaluate the efficacy of vaccines and of other treatments for Lyme disease. 

It is yet another object of the present invention to provide B. burgdorferi antigens and antibodies to B. 
burgdorferi that can be used for diagnostic purposes. 
10 It is yet another object of the present invention to provide a process of producing B. burgdorferi for use in 

the production of Lyme disease vaccines. It is still yet another object of the present invention to provide a serum 
neutralizing assay by which to assess the potency of antisera against B. burgdorferi . 

It has now been discovered that an animal having a serum neutralizing titer of antibodies against B. burgdor- 
feri has antibodies to a small subset of B. burgdorferi proteins having molecular weights of 14, 17,19, 25, 28, 
16 31, 34, 38, 41 , 44, 48, 52, 54, 58, 60, 68, 80 ans 90K molecular weight (±3K) and is protected from bacteremia 
and other symptoms of Lyme disease after challenge with B. burgdorferi spirochetes. It is believed that a vac- 
cine comprising at least two of these major antigens and producing antisera which has a serum neutralizing 
titer will be effective in protecting a susceptible mammal from Lyme disease. 

It has also been discovered that an artifical model of the disease (a "challenge model") can be elicited in 
20 mammals by injecting low passage spirochetes in a manner that mimics the natural route of infection. 

FIGURE 1. 

A representation of a Western blot of spirochetes visualized using antisera from immunized dogs having 
25 serum neutralizing titers of antisera to B. burgdorferi . 

Challenge Model 

Spirochetes used for challenge injections were cultured through a low number of passages after isolation 
30 from the midgut of infected ticks. Generally they are passaged no more than about 10 times. Preferably they 
are passaged no more than twice. A "passage" as used herein generally means an expansion in culture from 
about 102-1 0 4 organisms/mL to about 10M0 8 organisms/mL 

The challenge model is designed to mimic tick-bome infection as it occurs in nature. Specifically, 
spirochetes are repetitively injected as they would be by a feeding tick. Generally, the dose of spirochetes in 
35 any one injection is less than about 1 0 s spirochetes and preferably is between about 1 0 spirochetes and about 
10 s spirochetes. In a most preferred embodiment, the number of spirochetes is between about 50 and about 
50,000 spirochetes. The number of administrations is at least 2, preferably between about 4 and about 14. Pref- 
erably, at least 4 hours elapse between administrations. 

Any given adminstration many also be varied to mimic natural transmission of spirochete. For instance, 
40 the spirochetes of a given administration may be injected at multiple locations on the animal. Also, at any one 
injection site the spirochetes can be injected at multiple depths (e.g. intramuscular (IM), intraperitoneal (IP) 
intradermal (ID) and subcutaneous (SC)). 

The preferred schedule of spirochete administration is daily injections (approx. 1/3 IP, approx. 1/3 ID, 
approx. 1/3 SC) over the course of about a week. 
45 Spirochetes can generally be recovered from challenged dogs within days of the start of challenge. Limping 

is generally seen after about 30 days. However, the timing of these events is expected to vary with the species 
of the challenged animal. 

Spirochetemia can be enhanced in the challenged animal by immunosuppressing the animal by adminis- 
tering immunosuppressive drugs or chemicals or by irradiating with ionizing radiation. Among the suitable 

so immunosuppressive drugs are various glucocorticoid steroids (including dexamethasone and methylpred- 
nisoione), cyclosporine, azathiopine (an analog of 6-mercaptopurine), FK-506 (Gato et al., Transplant Proa , 
19(S6); 4, 1987), 15-deoxyspergualin (Todo et al., Transplant. Proc. 209(S1) : 233-236, 1988), etc. 
D xam thasone is available from ICN Bioch micals(CI v land, OH) and from Sch ring Corp. (und r the trade 
nam Azium ~, Kenilworth, N.J.). M thylpr dnisilon acetate is availabl as Depo-Medrol ~ (Upjohn Co., 

55 Kalamazo , Ml) or as D po-Predat -(Leg r Pharmaceuticals, Scottsdai ,AZ). D xamethason isthepr - 
ferred immunosuppressive agent according to th invention. 

Spirochetemia is also expected to b enhanced by using gen tically immunodefici nt animals for th 
challenge model. 
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Th challeng model di closed h rein can b used to t st th fficacy of Lyme dis ase vaccines such as 
those disclosed below. Additionally, the challenge model can be used to test other treatments for Lyme disease 
including treatment with antibiotics and passive immunization. 

5 B. burgdorferi Vaccine Production 

Preferably the B. burgdorferi strains used for the initial step in the production of vaccine retain the ability 
to induce spirochetemia in a susceptible mammal. B. burgdorferi strain B-31 is most preferred (available from 
the American Type Tissue Collection under accession No. 35210). 

w The B. burgdorferi spirochetes may be grown in BSK II medium (Barbour et al., Yale J. Biol. Med. 57 : 521- 

525, 1984) or the nutritional equivalent. Since this medium is an adaptation of a culture medium designed for 
mammalian cells (which are much more complex), it is anticipated that numerous ingredients may be omitted 
without significant effect on the growth rate of B. burgdorferi . Such alterations in the growth medium are readily 
verified without undue experimentation and are within the scope of the present invention. 

15 The culture temperature is generally between 25'C and 40'C, preferably between about 32'C and about 

38'C most preferably 34'C. Preferably, the temperature is maintained within VC of the set-point temperature 
throughout the culturing incubation. 

Generally the PH of the culture medium is between 7.0 and 8.0. Preferably the PH is maintained within 
±0.2 pH units of the desired pH over the course of the culturing incubation by the addition of acid or base as 

20 appropriate. Most preferably, the pH is 7.6 ±0.2. 

The culturing incubations were generally in a vessel which was agitated to accelerate the exchange of 
gases between the culture and the air. Preferably the agitation is done with an impeller rotated at between about 
25 and about 100 rpm. 

Significantly, the course of the culturing incubation is monitored by assessing the level of production of one 
25 of the B. burgdorferi major surface proteins, Osp A or Osp B. Methods for monitoring these proteins are des- 
cribed in Example 2. The B. burgdorferi cultures are stopped when a maximum level of one of these proteins 
is achieved. For the protein being monitored, it is preferred that at least 60% of the B. burgdorferi cells present 
at the end of the culturing incubation express the protein. This can be measured by an immunofluorescence 
assay (described in Example 1). More preferably, at least 70% of the organisms express the protein. Still more 
30 preferably, at (east 90% of the organisms express the protein. 

In one embodiment of the invention, after the culturing incubation, the organisms are inactivated or anti- 
genic fractions are collected free of live or virulent spirochetes. The organisms can be inactivated by a number 
of chemical agents including merthiolate, beta-propylene lactone, binary ethylene amine, phenol, glutaral- 
dehyde and formaldehyde. The organisms can also be inactivated with heat (e.g. 60'C for several hours). 
35 Preferred inactivators are aldehydes such as glutaraldehyde or formaldehyde. Formaldehyde is most pre- 

ferred. Preferably the concentration of aldehyde used is between about 0.05% and about 1% v/v. Most prefer- 
ably, the concentration is 0.1%. 

Antigenic fraction can be collected, for example, by gel filtration, electrophoresis, affinity chromatography, 
and/or centrifugation. 

40 Priorto administration to a mammal to be treated, the harvested antigens and/or spirochetes are suspended 

in a physiologically acceptable carrier. Preferably, the antigens/spirochetes will be admixed with an adjuvant 
such as aluminum hydroxide, aluminum phosphate, saponin, oil, or a polymer known to have adjuvant activity. 

A number of acrylic acid polymers and copolymers of acrylic acid and methacrylic acid and styrene have 
adjuvant activity. Polyvinyl Chemical Industries (Wilmington, Mass.) sells such polymers under the tradename 

45 NEOCRYL. NEOCRYL A640, an aqueous acrylic copolymer having pH 7.5, viscosity 1 0Oeps (Brookfield 25'C), 
a weight per gallon of B.6 pounds as supplied containing 40% solids by weight, 38% solids by volume and an 
acid number of 48, is a preferred adjuvant. Specifically, NEOCRYL A640 is an uncoalesced aqueous acrylic 
copolymer with styrene. More specifically, NEOCRYL A640 is a latex emulsion of a copolymer of styrene with 
a mixture of acrylic and methacrylic acid. Other useful NEOCRYL grades are 520 and 625, and NEOREZ 966. 

so The term "CSMA" will be used hereinafter to refer to a copolymer of styrene and a mixture of acrylic acid and 
methacrylic acid. 

Ethytene/mateic anhydride copolymer is another preferred adjuvant. Suitable grades of ethylene/maleic 
anhydrid copolymer useful in this invention are th lin ar ethylen /mat ic copolym rs such as EMA-31 (as 
produced by Monsanto Co., St. Louis, Missouri), a copolymer with approximately qual amounts of ethylen 
55 and maleic anhydrid , having an estimated av rag m I cular w ight of about 75,000 to 100,000. These 
copolymers are water soluble, white, free-flowing powders having th following typical properties: a true d nsity 
of about 1 .54 g/mL, a soft ning point fab ut 170'C. a melting point of about 235'C, a d comp siti n tempera- 
ture of about 274'C, a bulk density of about 20 lbs/ft 3 , and a pH (1 % solution) of 2.3. 
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More pr ferably, two or more adjuvants will b admixed with the harvested antig ns and/or spirochetes. 
The preferred combination is ethylene/maleic anhydride copolymer and NEOCRYL A640. 

Th pH of th vaccin is generally adjusted to between about pH 6.8 and about pH 7.7 by addition of 1 IM 
acid or base as appropriate. 

5 The harvested antigens and/or spirochetes may be conjugated with an immuno-stimulating macromolecule 

such as keyhole limpet hemocyanin or tetanus toxin. Conjugation of proteins to macromolecules is disclosed 
by Likhite (U.S.P. 4,372,945) and by Armor et al. (U.S.P. 4,474,757). General aspects of vaccine preparation 
are described in New Trends and Developments in Vaccines (Voller etal., ed., University Park Press, Baltimore, 
MD., 1978). 

10 The antigens can be collected free of live or virulent organisms by several methods including fragmentation 

techniques, such as gel filtration, immuno-affinity chromatography using antisera disclosed herein, differential 
centrifugation, or electrophoresis. For instance, it has been discovered that the outer membrane antigens of 
EL burgdorferi can be extracted with low concentrations of either ionic or monionic detergents. These extracted 
antigens are effective to elicit an immune response in a vaccinated animal. 
16 Preferred detergents for this embodiment of the invention are sodium dodecyl sulfate (SDS) and Triton 

X100 (available from Sigma Chemical, St. Louis, Missouri, and others). 

The extraction protocol begins with B^ burgdorferi organisms, preferably at a concentration of between 
about 10 s organisms/mL, more preferably between about 10 9 organisms/mL and about 10 12 organisms/mL. 
Detergent is then added, preferably to a concentration between about 0.2% weight/volume and about 0.6% w/v 
20 for an ionic detergent such as SDS. For nonionic detergents the concentration is preferably between about 
0.25% w/v and about 2.0% w/v, and more preferably between about 0.8% w/v and about 1.2% w/v. 

The organisms are then agitated, generally at between about 1 00 rpm and about 300 rpm for between about 
0.5 hours and about 10 hours. Preferably the agitation is maintained for between about 1 and 2 hours. 

The outer membrane proteins are then removed from the major portion of the bacteria by centrifugation. 
25 After centrifugation the supernate is enriched in outer membrane protein and the pellet contains the organisms. 

When applied to B. burgdorferi the procedure extracts the major B. burgdorferi antigens and provides anti- 
gens for a vaccine which protects susceptible mammals from fever caused by B. burgdorferi . 
The vaccine is prepared from the extracted antigens by the methods described above. 
In another embodiment of the invention, after the culturing incubation the spirochetes are processed to iso- 
30 late specific major antigens of B. burgdorferi . 

It has been found that a vaccine according to the invention induces antisera to a plurality of B. burgdorferi 
by antigens having the following molecular weights: 14, 17, 1 9, 25, 28, 31, 34, 38, 41, 44, 48, 52, 54, 58, 60, 
68, 80 and 90K ±3K). These antigens are designated herein as "major antigens" of B. burgdorferi of their biologi- 
cal equivalents. According to the invention, an effective vaccine will induce antisera to at least two of the major 
35 antigens. The known variability of at least two B. burgdorferi antigens suggest that a monospecific vaccine may 
not be effective against a broad spectrum of burgdorferi isolates. Preferably, the vaccine will be effective to 
induce antisera against at least two of the major antigens of B. burgdorferi . More preferably, the vaccine is effec- 
tive to induce antisera against at least three of the major antigens. Preferably, one of the antigens included in 
the vaccine is Osp A, (MW 31 K) or Osp B (MW 34K). The 31, 34 and 41 K proteins are the Osp A, Osp B and 
40 flagellate proteins of EL burgdorferi , respectively. 

The serum neutralization assay described in Example 3 can be used to assess the relative potency of anti- 
sera directed against a given B. burgdorferi antigen. Potency of the antisera against B. burgdorferi infection is 
expected to correlate with the ability of the antisera to neutralize burgdorferi in the serum neutralization 
assay. The assay can also be used to assess whether antisera directed against two or more of the antigens 
45 is more effective than monospecific antisera. It is anticipated that even if antisera which is monospecific for a 
given antigen is by itself ineffective in the serum neutralization assay, the antisera may enhance the potency 
of another monospecific antisera. Accordingly, the serum neutralization assay can be used to validate a vaccine 
which elicits antisera directed against less than the full complement of major antigens. 

Thus, antisera directed against each of the disclosed major antigens can be manufactured. For instance, 
so the antigens of an extract of whole spirochetes can be separated by SDS polyacrylamide gel electrophoresis 
and the specific bands excised. The location of these bands can be confirmed by electroblotting a portion of 
the polyacrylamide gel and assaying the blot by standard Western blotting techniques (see Molecular donning , 
2nd dition, Sambrook etal. eds., Cold Spring Harbor Pr ss, 1989 and Example 5 bet w). 

Th antigen-containing gel slic s can be used to rais antigen specific antisera by s veral methods. For 
55 xampl , th g I slice can be broken up by a m thod such as xtrusion through a narrow gaug ne di . The 
pulverized gel can then be injected into th animal which is to produce antisera. Adjuvants may be added to 
the injection material although the polyacrylamide gel material is anticipated to act as a p lymer typ adjuvant 
Alternately, the antigen may be eluted from th gel slice by a number of known methods including incubating 
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th gel slice in an aqueous deterg nt solution until th antigen is substantially eluted from the g I slice. Or, the 
antigens can be el ectroe luted from the gel slice. Devices for electroelution are available from several manufac- 
turers Schleicher & Schuell (Keene, NH) and Bio-Rad Labs (Richmond, CA). Such devic s can also b pro- 
duced from common laboratory equipm nt (s Molecular Cloning , supra , pp. 6.28-6.29). The eluted antig ns 

5 can then be administered, with or without an adjuvant, to the animal which is to produce antisera. 

In another method, the antigens are separated by SDS polyacrylamide gel electrophoresis and transferred 
to one of various adsorptive membranes in the same way as is done in Western blotting. The specific antigens 
can then be isolated by excising the appropriate region of the transfer membrane. Suitable membranes include 
the nitrocellulose membranes commonly used in Western blotting, Immobilon— Pfrom Millipore Corp. (Bedford, 

10 MA), and glass fibre membranes which are coated with polyamines (Vandekerchhove et al. Eur. J. Biochem . 
152: 9-1 9,1 985 and Abersold et al., J. Biol . Chem. 261: 4229-4238, 1986). The antigen-containing membrane 
slices can be surgically implanted subcutaneously in the animal which is to produce antibody. The membrane 
is anticipated to behave as a slow release adjuvant. 

The major antigens are known to be effective in eliciting an antibody response (see Example 5). Some of 

16 these antigens are believed to elicit a T-killer cell response. These can be found by isolating lymphocytes from 
immunized animals and assaying T-cell responses to specific major antigens of B. burgdorferi . T-cell activation 
responses include an increase in intracellular calcium, production of lymphokines, cell proliferation, and cytoly- 
tic activity. Such in vitro measurements of T-cells are described by Weis, et al . (Adv . Immunol . 41 : 1-38, 1 987, 
incorporated in its entirety herein by reference). 

20 B cells from antisera producing animals can be used for the isolation of monoclonal antibodies ("mcAb") 

using known techniques (Campbell, Monoclonal Antibody Technology , Vol. 1 3, Elsevier, Amsterdam 1 984; Har- 
low et al., Antibodies: A Laboratory Manual , Cold Spring Harbor Press, New York, 1988; Goding, Monoclonal 
Antibodies: Principle and Practice . Academic Press, London, 1986). Such antibodies are within the scope of 
the present invention. 

25 The electrophoretic migration of the individual major antigens is anticipated to vary somewhat between iso- 

lates of B. burgdorferi . The Western blot procedure of Example 5 may be used to identify the SDS polyac- 
rylamide gel electrophoresis migration pattern for other B. burgdorferi isolates. The immunochemical equiva- 
lence of a variant to one of the major antigens disclosed herein can be established by Western blot analysis 
using monospecific antisera to visualize the bands. Electrophoretic variants of individual B. burgdorferi antigens 

30 can be isolated and antisera raised against them can be evaluated for relative effectiveness in the serum neut- 
ralization assay. 

As described in detail below under the heading "Diagnostics", the disclosures of the present application 
are sufficient to teach the isolation and sequence characterization of the major antigens of B. burgdorferi . There- 
fore, vaccines composed of synthetic antigens or the biological equivalents are within the scope of the present 
35 invention. 

Accordingly, in a further embodiment of the vaccine, the vaccine comprises at least two of the major anti- 
gens of & burgdorferi or their biological equivalents (e.g., synthetic proteins). The vaccine is combined with a 
physiologically acceptable carrier and optionally adjuvanted as described above. 

In a still further embodiment of the vaccine, the vaccine is characterized by being effective to protect a sus- 
40 ceptible mammal from fever, or arthritis. 

It will be understood by the skilled practitioner that the vaccines of the present invention may be combined 
with other vaccines to produce a combination vaccine effective against more than one pathogen. Examples 
include a Lyme disease vaccine in combination with one or more of vaccines for Leptospira canicola , Leptospira 
icterohaemorrhagiae , Leptospira hardjo, Leptospira grippotyphasa , feline leukemia, rhinotracheitis, calici, pan- 
45 leukopenia, chlamydia psittaci, canine distemper, adenovirus Type 2, coronavirus parainfluenza, and parvovi- 
rus. 

Vaccination 

so The vaccine is preferably administered by injection either subcutaneously, i n trad erm ally, intraperitoneal ly 

or intramuscularly. Intramuscular injection is preferred. The vaccine may be administered by single or by mul- 
tiple injections. Since oral exposure to B. burgdorferi has been found to elicit an antibody response in cats (Kim- 
minan, V terinaryT chnician , 10:385-397, 1989), an oral vaccine is also cont mplated and within the scope 
of the present application. 

55 The amount of spirochet antig ns pr sent in each vaccine dose is selected to be at least the amount suf- 

ficient to induce a serum neutralizing titer of antibodies. (The serum neutralization assay measures the ability 
of antisera in conjunction with compl ment to neutralize B. burgdorf ri and is d scribed in more detail in 
Exampl 3.) This amount will vary, a and generally it is expected that each dose will comprise antigen deriv d 
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from about 10 6 to about 10 12 spiroch tes, preferably from between about 10 7 to about 10 9 spiroch tes. An 
optimum amount of antigenic product for a particular production of vaccine can be ascertained by standard 
studies which monitor the serum neutralization titers of vaccinated mammals. 

5 Diagnostics 

Monospecific antisera to several of the major antigens (MWs 14, 17, 19, 25, 28, 38, 44, 48, 52, 54, 58, 60, 
68, 80 and 90K ±3K) may be used in diagnostic kit used to assay body fluids or tissue extracts for the presence 
of B. burgdorferi antigens. Techniques for using these antibodies as probes for antigens are discussed above 
10 and by Harlow et al. (Antibodies: A Laboratory Manual, Cold Spring Harbor Press, New York, 1988). 

Additionally, the individual antigenic proteins can be used as diagnostic aids. The protein or a mix of the 
major antigens isolated as described above can be separated by sodium dodecyl sulfate-polyacryl amide gel 
electrophoresis (SDS-PAGE). The gel can be electroblotted onto a membrane. Then, a strip of the membrane 
can be developed as a "Western blot" using serum from an animal to be diagnosed. As controls, known positive 
15 or negative sera can be used to visualize equivalent membrane strips. 

Genomic and subgenomic DNA can be isolated from burgdorferi and the DNA can be fragmented with 
a restriction enzyme. The digested DNA can then be ligated into a plasmid or phage expression vector. Colonies 
or plaques (as appropriate) can be grown-up and transferred in-part to a membrane which can be assayed using 
antisera against one or more of the major antigens. Positive plaques or colonies can be expanded and the pro- 
20 tains they express (generally after the vector-expressed protein is induced with a suitable agent, usually isop- 
ropylthio-beta-D-galactoside) can be separated by SDS-PAGE. The proteins can, thereby, be studied by the 
Western blot techniques discussed above. 

Accordingly, the DNA encoding the major antigens, DNA hybridizing to this DNA under stringent conditions, 
and DNA encoding substantially the same protein are within the scope of the present invention. 
25 The invention is further illustrated by the following nonlimiting examples. 

Example 1 - The Challenge Model 

Dogs 

30 

Twenty-six (26) beagles (from Theracon, Inc. - Topeka, KS), which were 16 to 18 weeks old and had no 
previous history of exposure to B. burgdorferi , were used. Four challenge groups of five dogs per group were 
evaluated. Groups 1 and 2 and three contact controls were housed together in room A Groups 3 and 4 and 
three contact controls were housed together in room B. 

35 

B. burgdorferi Isolate from Ticks 

Ticks infected with B. burgdorferi were collected in Wisconsin and the alimentary tracts (midgut) were 
removed from approximately 1000 ticks and emulsified in Barbour-Stoenner-Kelly (BSK) medium (Barbour et 
40 al. Curr. Microbiol. 8: 123-126, 1 983) and stored at -100'C in vials containing 2 mL aliquots. Before use, this 
material was thawed, polled, and concentrated by centrifugation to 10,000 microorganisms per 1 mL aliquot 

Challenge Schedule 

45 The dogs in each of the four groups received seven consecutive daily doses of spirochete challenge at 

different sites on the abdomen. Each dose contained 500 microorganisms per 0.5 mL. The challenge was deli- 
vered using a tuberculin syringue by releasing material intraperitoneally (IP), intradermally (ID) and sub- 
cutaneously (SC) as the needle was withdrawn from the infection site. 

so Immu nosu ppression 

Dogs in Group 1 were given a one mL does of dexamethasone (2 mg/mL, Azium Sobering Corp., Kenil- 
worth, NJ 07033) on the day of challenge and days 2, 4, and 6 following initiation. Dogs in Group 2 were not 
treated with an immunosuppressant during the challenge period. Dogs in Group 3 w re given a one mL dos s 
55 of methytprednisoloneacetat (20 mg/mL, D po-M droh-, UpJohn C ., Kalamazoo, Ml 49001) on th first day 
ofchall ng ("doc") and on the 6th day post-challenge ("dpc", m asured from day of chall nge). Dogs in Group 
4 did n t receive an immunosupressant during the challenge p riod. 

Sixty days post challenge, all dogs in Groups 1 and 2 and the contact controls received a one mL dose of 
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d xamethasone; all dogs in Groups 3 and 4 and the contact controls rec iv d a on ml_ dos of methylpr d- 
nisolone acetate. 

Examination of Blood Samples for B. burgdorferi 

5 

Following the first dose of the spirochete challenge, blood samples were taken from all 26 dogs twice daily 
for 14 consecutive days. At 60 days post challenge blood samples were taken twice daily for 10 consecutive 
days and blood samples were taken at the time of necropsy (90 days post challenge). Blood was collected in 
tubes containing a 15% solution of Na 2 EDTA (ethylene diamine tetraacetic acid). 

w One mL of whole blood was added to 6 mL of BSK medium and the mixture was incubated at 32'C for six 

weeks. Cultures were examined using an indirect fluorescent antibody (IFA) method. The cultures were prep- 
ared on slides, allowed to air dry and fixed in cold acetone. Slides were flooded for 30 minutes at 37'C with a 
dilution of a murine antibody (IgG isotype) directed against B. burgdorferi or a given B. burgdorferi antigen. The 
slides were then rinsed with phosphate buffer saline (PBS). A dilution of fluorescein isothio cyan ate (FITC) con- 

15 ju gated anti-IgG mouse sera (Jackson Immuno Research tabs, West Grove, PA) was then added to each slide 
and incubated at 37'C for another 30 minutes. Slides were washed in PBS and read microscopically using a 
fluorescence microscope. The presence of fluorescent spirochetes indicates a positive isolation. 

Antibodies for use in the IFA assay include polyclonal antisera against B. burgdorferi (sheep antibodies 
are available from Fitzgerald Industries International, Action, Mass.) and monoclonal antibodies may also be 

20 used (e.g. Cb-2, a mouse monoclonal antibody to Osp B is available from Veterinary Clinical Resources, P.O. 
Box 969, Elgin, Tx). Additionally, antisera produced by the methods taught in the present application may be 
used. 

Antibody Titers 

25 

Dogs were bled at the time of challenge and then at 2, 4, 6, 8, 10, 14, 30, 60 and 90 dpc. A standard sus- 
pension of B. burgdorfei (2 X 10 6 organisms per mL) was placed on a slide and fixed with cold acetone for 60 
minutes. Two-fold serial dilutions of test sera were incubated on the slide at 36'C for 30 minutes before they 
were thoroughly rinsed with phosphate-buffered saline ("PBS"). FITC-labeled anti-dog IgG (from goat) was then 
30 added to each slide and incubated at 36'C for an additional 30 minutes. Slides were washed with PBS and the 
results determined by fluorescence microscopy. The end point of the IFA antibody titer was determined as the 
highest serum dilution which showed positive fluorescence. 

Results 

35 

Early recovery of spirochetes from blood (0-14 dpc) is shown in Tables 1 and 2. The recovery of spirochetes 
over the course of the treatment regimen is summarized in Table 3. One conclusion is that spirochetes are 
recovered from all challenged dogs within four days. For immunosuppressed dogs, spirochetes are recovered 
within about two days. 

40 Surprisingly, after a longer delay spirochetes are recovered from the contact control dogs which were not 

challenged with spirochetes. However, the degree of spirochetemia appears to be lower than for treated dogs 
since the frequency at which spirochetes are recovered is lower. 

Antibody titers (measured by IFA) for serum drawn at the designated times are shown in Tables 4 and 5. 
The high background titers for dogs not exposed to spirochetes (1 :16 to 1 ;28) have been observed by others. 

45 The conclusion from the data in these tables is that immunosuppressive drugs enhance the antibody response 
to B. burgdorferi spirochetemia. Presumably, this enhancement is due to greater levels of spirochetemia 
obtained when the animal is immunosuppressed. 

Additionally, limping was observed in 75% of the challenge dogs. Sixty to 80% of the dogs in each challenge 
group were observed to limp, while none of the contact control dogs were observed limping. 

so The present challenge model for Lyme disease is especially advantageous in that symptoms of Lyme dis- 

ease are displayed in the challenged animals even when they are not immunosuppressed. This suggests that 
the disease displayed in the laboratory situation is more like that found in animals infected naturally. 
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Example 2 - B. burg do rf ri Vac in Produ ti n 

B. burgdorferi Strains 

5 B. burgdorferi strain B-31 (available from the American Type Tissue Collection under accession No. 3521 0) 

was used to seed large-scale antigen-producing cultures. 

Other B. burgdorferi strains in culture are anticipated to be useful in the production of B. burgdorferi anti- 
gens. Preferably, strains used in the production of vaccine are able to cause spirochetemia in a mammal. 

10 Spirochete Growth Medium 

The growth medium is prepared by modifying the BS II formula described by Barbour et al. (Yale J. Biol. 
Med. 57 : 521-525, 1984). The formula used is shown below: 
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Formula 

Substance AmQVnt 

CMRL 1066 1 (10X) (GIBCO, Grand Island, NY) 83 mL/L 

Neopeptone 2 (DIFCO, Detroit, MI) 4.6 g/L 

Sodium Bicarbonate (U.S.P.) 1.8 g/L 

Yeast Extract (Oxoid USA, Columbia, MD) 3.3 g/L 

HEPES buffer (acid form) 

(Research Organics, Cleveland, OH) 5.7 g/L 

Glucose (U.S.P.) 4.3 g/L 

Citric Acid - Tripotassium salt 

(SIGMA Chemical. St. Louis, MO) 1.0 g/L 

Sodium Pyruvate (Sigma) 0.7 g/L 

N-Acetyl-D-Glucosamine (Sigma) 0.5 g/L 

L-Glutamine 3 (G I BCO ) 0.4 g/L 

Bovine Serum Albumin' i lntereen Biochem., 

Tuckahoe, NY) ~ 25 g/L 

Fetal Calf Serum 3 < 1 1 AZLETON. Lenexa, KS) 4.2 mL/L 

Deionized Water to volume 



Described by Parker et al. S pecial Publications of the New York Academy of 
Science Vol. 5, p. 303, 1957, incorporated herein by reference. 

Beef protein hydrozylate. 

Heat labile. 



Gently heat a volume of deionized water (approx. 80% of final volume) to a temperature which facilitates 
the dissolution of the above-listed solids (e.g. 30'C to 40'C). Add the above-listed ingredients and stir until all 
solids dissolve. Th pH is then adjusted to 7.6 ± 0.1 with a concentrated aqu ous solution of NaOH. The volum 
is adjusted to the final volum with deionized water. The solution is then st rile filtered. 

Alt mat ly, a solution of the list d comp n nts minu the h at tabil compon nts is mad in a r due d 
volume and sterilized by autoclaving. Filt r-steriliz d concentrated solutions of the heat-labil compon nts are 
th n add d and th volum adjusted with st ril water. 

The manufacturers listed as the sources of th medium components are not meant to be restrictive but 

15 



EP 0 465 204 A2 



rather to be illustrative of acceptable quality. The compon nts of th medium are well known in bacteriology 
and/or mammalian tissue culture and acceptable materials are available from other manufacturers. 

It has been found that the gelatin component described by Barbour t al. is not required for B. burgdorferi 
growth. In fact, the gelatin int rferes in processing B. burgdorferi by increasing the viscosity of the bacterial 
5 culture. The presence of gelatin also precludes storing a culture in a refrigerator prior to processing since the 
culture "gels" at low temperature. Gelatin is optionally added (at 1 1 .7 g/L) to medium used in intermediate and 
small scale cultures (25 mL to about 10L) but is generally not added to medium used for production-scale cul- 
tures (10L and more). 

10 Growth of B. burgdorferi 

The bacteria are grown in smaller vessels until sufficient bacteria are present to inoculate a large scale 
fermentation vessel (preferably 800 to 2000L). Cultures are generally inoculated with 3 x 10 5 organisms per 
mL of medium. 

16 The fermentation is conducted with the following parameters monitored and controlled: 

Temperature 34'C ± 1'C 
pH 7.6 ± 0.2 

Impeller RPM 25-100 

Generally the culture is grown (for approximately 6 days) until the concentration of organisms is at least 1 
20 x 10 8 /mL. However, it is importantfor large scale production purposes to monitor the production of B. burgdorferi 
major surface proteins over the course of the fermentation. The culture is stopped at the time when the con- 
centrations of either Osp A or Osp B substantially reaches the maximum (beyond which time the concentration 
declines). 

25 Monitoring Antigens 

The antigen levels can be measured by a number of techniques including SDS polyacrylamide gel 
electrophoresis (SDS-PAGE). Western blots using antisera to B. burgdorferi antigens, other antibody-mediated 
assays including RIA, ELISAand complement fixation (see Fundamental Immunology , W.E. Paul, ed., Raven 
30 Press, New York, 1989, pp. 315-358, incorporated herein by reference). 

For this example, the antigens are monitored with the IFA assay outlined in Example 1. Additionally, the 
number of cells expressing one of the major B. burgdorferi surface proteins, Osp A or Osp B, is monitored with 
this assay. 

35 Harvest and Purification 

Once the maximum concentration of Osp A or Osp B is achieved, the culture (in this embodiment) is inac- 
tivated by adding formaldehyde to a concentration of 0.1 %. The inactivated spirochetes are then concentrated 
by removing the growth media either by centrifugation, hollow fiber filtration or tangential flow filtration. The inac- 
40 tivated organisms are optionally washed with water or a balanced salt solution. Finally, the inactivated organ- 
isms are resuspended in water or balanced salt solution to form a cell concentrate having ^ 5 x 10 s organisms 
per mL. 

Vaccine Formulation 

45 

The concentrate is diluted to a concentration of 5 x 10 8 organisms/mL. Ethylene/maleic anhydride 
copolymer (for example, as produced by Monsanto, St. Louis, Missouri) is then added to a concentration of 
3% v/v. The pH is then adjusted with 1N NaOH to between pH 6.8 and pH 7.7. Finally, NEOCRYL A640- is 
added to a concentration of 1% w/v. 

50 

Example 3 - Serum Neutralization Assay 

The s rum neutralization assay is conducted as follows: 

(a) Serum samples are fitt r st ritiz d and th compl ment in the samples is inactivat d by heating the 
55 s rum samples to 56'C for 30 minut s. 

(b) Serial dilutions of the serum ar made using PBS as th dilu nt The diluti ns are add d to separate 
tubes. 

(c) Actively growing B. burgdorferi (0.4 mL, 3 x 1 0 4 organisms/mL) were added to each tube and gently 
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mixed with th serum sampl s. 

(d) Filter-sterilized guinea pig complement (0.8 mL, obtained from Sigma, St. Louis, MO) was added to each 
tube and the contents were g ntly mixed. 

(e) The tub s were incubated at 35'C with agitation for one hour. 

s (f) A 0.1 mL aliquot from each tube was separately added to 0.9 mL of BSK II medium in a culture tube. 

The cultures were grown at 35'C for seven days. 

At the end of the seven day incubation, the cultures were scored for the number of viable bacteria using 
darkfield microscopy. The "serum neutralizing titer" was scored as the highest dilution of serum which dec- 
reased the spirochete count by 80% relative to pre-immune serum. 
10 The present inventors have observed that whenever the serum neutralizing titer of an immunized dog is 

greater than 4, the dog remains effectively protected from spirochetemia induced by challenge with isolated B. 
burgdorferi spirochetes. 

The serum neutralization assay has also been used to shown that H3TS, a monoclonal antibody against 
Osp A (obtained from Russell C. Johnson at the University of Minnesota), is effective in the serum neutralization 
16 assay (titer=1 :236). Monoclonal antibody Cb-2 against Osp B is also effective in neutralizing B. burgdorferi by 
this assay. A monoclonal antibody against the flagellar protein (41 K) was not effective. 

Example 4 - Immunization 

20 Vaccinations 

Dogs were divided between a vaccinated group and a non-vaccinated control group. The vaccinated group 
received two 1 mL intramuscular injections of the vaccine of Example 2. The second injection followed the first 
by 22 days. Some of the data will be expressed in terms of the number of assays post 1st vaccination ( a dpv w )or 
25 number of days post 2nd vaccination ("dpv-2"). 

Practitioners will readily appreciate that the precise conditions used to inactivate intrinsic complement, i.e. 
the dilution buffer, the number of organisms added, the amount of complement added, the source of comple- 
ment the incubation conditions following the addition of complement, and the conditions used in the final incu- 
bation are not critical and may be varied as desired or as particular circumstances dictate. 

30 

B. burgdorferi Challenge 

At 1 56 days post 2nd vaccination all of the dogs were challenged with B. burgdorferi using the method des- 
cribed in Example 1. The challenge regimen included seven consecutive daily injections of 5000 spirochetes 
35 and a 2mg injection of dexamethasone on the first day of challenge and on the sixth day following initiation of 
the challenge (day post challenge or "dpc"). 

Results 

40 Table 6 shows that the vaccine was effective in protecting dogs from spirochetemia from a B. burgdorferi 

spirochete challenge initiated 5 months after vaccination. By unpaired student-ttest, the statistical significance 
of the difference is p=0.006. 

Table 7 shows that the vaccine was effective in protecting dogs from spirochete-induced arthritis as mani- 
fested by limping behavior. By Chi-squared analysis, the statistical significance of the difference between the 

45 group is p < 0.01. 

Table 8 shows that the vaccine was effective in limiting fevers observed after challenge with B. burgdorferi. 
Not only are fevers observed more infrequently for vaccinated dogs, the fevers are not observed after 41 days 
post challenge. In contrast, unvaccinated dogs develope fevers over a longer time span (up to 60 days post 
challenge). By unpaired student-t test the statistical significance of the difference in these observations over 
so the 38 days of observation was p < 0.01 . 

Table 9 shows that the vaccinated dogs retained a serum neutralizing titer of anti B. burgdorferi antibodies 
at 156 days post 2nd vaccination. Spirochete challenge was effective in boosting this titer in the vaccinated 
dogs. In contrast, th unvaccinat d dogs mounted a weak antibody response. 

55 
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Exampl - 5 West m Bl tting 

Established techniques w re used to conduct a W stem blot of B. burgdorf ri proteins using s rum from 
vaccinat d dogs to id ntify major antigens. W stern blotting t chniquesared scribed in M lecular Cloning 2nd 
5 edition (supra) on pp. 18.47-18.75. 

Figure 1 shows a representation of Western blots of B. burgdorferi visualized with antisera obtained at 154 
days post 2nd vaccination from dogs A and B (vaccinated) and dogs K and L (un vaccinated). 

The major B. burgdorferi antigens identified by antisera which is effective in a serum neutralization assay 
have molecular weights (±3K) of 14, 17, 19, 25, 28, 31, 34, 38, 41.44.48.52, 54, 58, 60, 68, 80 and 90K. 



Claims 



1. A vaccine for protecting a susceptible mammal from Lyme disease comprising an amount of B. burgdorferi 
16 major antigens effective to induce a serum neutralizing titer of antibodies against B burgdorferi . 

2. A vaccine as claimed in Claim 1 wherein said vaccine is effective to protect a susceptible mammal from 
Lyme disease caused by variant strains of B burgdorferi . 

20 3. A vaccine as claimed in Claim 1 or Claim 2 wherein said vaccine comprises at least two of the major anti- 
gens of B. burgdorferi . 

4. A vaccine as claimed in Claim 3 wherein said major antigens are selected from the 25K, 28K, 31 K, 34K, 
38K 41 K, 44K, 48K, 52K, 54K, 58K, 60K, 68K, 80K, and 90K antigens of B. burgdorferi , wherein the 

25 molecular weight of each such antigen may vary within ±3K. 

5. A vaccine as claimed in Claim 3, 4 or 5 wherein at least one of said at least two major antigens is Osp A 
or Osp B. 

30 6. A vaccine as claimed in any one of the preceding Claims wherein said mammal is one of feline, canine, 
avian, equine, ovine and bovine. 

7. A vaccine as claimed in any one of Claims 1 - 5, wherein said mammal is man. 

35 8- An antigenic protein selected from the group consisting of the 25K f 28K, 38K, 44K, 48K, 52K, 54K, 58K, 
60K, 68K, 80K, and 90K molecular weight antigens of B. burgdorferi , wherein the molecular weights of 
each said antigen may vary within ±3K. 

9. A vaccine for protecting a susceptible mammal from Lyme disease comprising an amount of B. burgdorferi 
40 major antigen effective to protect a susceptible mammal from at least one of arthritis and fever due to Lyme 

disease. 



10. A vaccine as claimed in any one of Claims 1-9 further comprising at least one vaccine selected from the 
group consisting of vaccines against Leptospira canicola , Leptospira icterohaemorrhagia , Leptospira 

45 hardjo , Leptospira grippotyphasa , feline leukemia, rhinotracheitis, calici, panleukopenia, chlamydia psit- 

taci, canine distemper, adenovirus Type 2, coronavirus, parainfluenza and parvovirus. 

11. A process for preparing a vaccine against Lyme disease comprising culturing B. burgdorferi bacteria, 

monitoring the level of one of Osp A or Osp B, 
50 inactivating the bacteria when a maxiumum in the production as one of Osp A or Osp B is obtained, 

and 

mixing the inactivated bacteria in physiologically acceptable carrier. 

12. A process as claimed in Claim 1 1 further comprising monitoring th bacteria for the perc nt which express 
55 on of Osp A or Osp B. 

13. A proc ss as claim d in Claim 12 furth r comprising requiring that at least 70% of the cultured bacteria 

xpress one of Osp A or Osp B. 
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14. A proc ss as claimed in Claim 1 3 wherein at least 90% of said cultur d bacteria xpr ss one of Osp A or 
Osp B. 

15. Aproc ss as claimed in any on of Claims 11 - 14 wherein said inactivation compris s adding an amount 
5 of glutaraldehyde or formaldehyde effective to inactivate B. burgdorferi . 

16. A process as claimed in Claim 15 wherein the amount of aldehyde added is about 0.05% to about 1.0% 
v/v. 

w 17. A process as claimed in any one of Claims 11-16 further comprising adding an adjuvant to said mixed 
inactivated bacteria. 

18. A process as claimed in Claim 1 7 further comprising adding at least one more adjuvant to said mixed inac- 
tivated bacteria. 

16 

19. A process as claimed in Claim 18 wherein said adjuvants are selected from saponin, oil, ethylene / maleic 
anhydride copolymer and acrylic acid/copolymers of acrylic acid and methacrylic acid and styrene (Neoc- 
ryl). 

20 20. A process as claimed in Claim 1 9 wherein said adjuvants are ethylene / maleic anyydride copolymer and 
acrylic acid/copolymers of acrylic acid and methacrylic acid and styrene (Neocryl). 

21. A process as claimed in any one of Claim 1 1 - 20 comprising 

terminating said culturing when a maximum in the production as one of Osp A or Osp B is obtained, 
25 extracting the major antigens from said bacteria, and 

mixing said extracted antigens with a physiologically acceptable carrier. 

22. A process for inducing Lyme disease in a susceptible laboratory mammal comprising injecting virulent B. 
burgdorferi spirochetes into said mammal in a manner that mimics the transmission of the disease by a 

30 tick. 

23. A process as claimed in Claim 22 wherein said spirochetes have been passaged in culture no more than 
10 times since said spirochetes were isolated from the tick or infected mammal. 

35 24. A process as claimed in Claim 22 or 23 wherein said spirochetes are injected at least two separate occa- 
sions. 

25. A process as claimed in Claim 24 wherein each separate occasion is separated by at least 4 hours. 

40 26. A process as claimed in 24 wherein said spirochetes are injected on at least four occasions. 

27. A process as claimed in Claim 24, 25 or 26 wherein each injection of spirochetes is done at a separate 
location on said mammal. 

45 28. A process as claimed in any one of Claims 24 - 27 wherein each injection comprises between 1 0 and 1 x10 6 
spirochetes. 

20. A process as claimed in Claim 28 wherein each injection comprises between 50 and 50, 000 spirochetes. 

so 30. A process as claimed in any one of Claims 23 to 29 wherein each injection releases spirochetes at least 
two depths at the site of injection. 

31. A process as claim d in any on of Claims 23 to 30 wh r in said spirochetes have been passaged no 
more than 2 times since isolation from the tick r inf cted mammal. 

55 

32. A process as claimed in any on of Claims 23 to 31 wh r in said inj cted mammal acquires at least on 
symptom of Lym disease. 
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Claims forth foil wing Contra ting Stat s: ES, GR 

I. A process for preparing a vaccin against Lyme disease comprising 

culturing B. burgdorf ri bacteria, 
s monitoring the level of one of Osp A or Osp B, 

inactivating the bacteria when a maximum in the production as one of Osp A or Osp B is obtained, 

and 

mixing the inactivated bacteria in physiologically acceptable carrier. 

10 2. A process as claimed in Claim 1 further comprising monitoring the bacteria for the percent which express 
one of Osp A or Osp B. 

3. A process as claimed in Claim 2 further comprising requiring that at least 70% of the cultured bacteria exp- 
ress one of Osp A or Osp B. 

16 

4. A process as claimed in Claim 3 wherein at least. 90% of said cultured bacteria express one of Osp A or 
Osp B. 

5. A process as claimed in any one of Claims 1 - 4, wherein said in activation comprises adding an amount 
20 of glutaraldehyde or formaldehyde effective to inactivate B. burgdorferi . 

6. A process as claimed in Claim 5 wherein the amount of aldehyde added is about. 0.05% to about 1.0% 
v/v. 

25 7. A process as claimed in any one of Claims 1-6, further comprising adding an adjuvant to said mixed inac- 
tivated bacteria. 

8. A process as claimed in Claim 7, further comprising adding at least one more adjuvant to said mixed inac- 
tivated bacteria. 

30 

9. A process as claimed in Claim 8 wherein said adjuvants are selected from the group consisting of saponin, 
oil, ethylene / maleic anhydride copolymer and acrylic acid / copolymers of acrylic acid and methacrylic 
acid and styrene (Neocryl). 

35 10. A process as claimed in Claim 9 wherein said adjuvants are ethylene / maleic anhydride copolymer and 
acrylic acid / copolymers of acrylic acid and methacrylic acid and styrene (Neocryl). 

II. A process as claimed in any one of Claims 1-10, comprising 

terminating said culturing when a maximum in the production as one of Osp A or Osp B is obtained, 
40 extracting the major antigens from said bacteria, and 

mixing said extracted antigens with a physiologically acceptable carrier. 
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